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Summar y 

This report deals with an im^ertigation carried out in the 
Civil Engineering Laboratory of the University of California, to 
determine the accuracy of existing methods of computing stresses 
in an airplane fuselage when subjected to torsion, and to derive 
a simple approximate formula for the rapid calculation of these 
stresses. The formula is derived by using the customary least 
work equation and considering each bay separately. The errors due 
to assumptions in regard to members, sections, fittings, modulus 
of elasticity, etc., are made compensating as far as possible. 
The assumption is made that the wooden members, i-e., the longer- 
ons and struts may be neglected* It is further assumed that the 
wires in both directions in the side trusses are equal in size 
and lengthy that the wires in the top plane are the same size and 
length a.s those in the bottom plane, and that the fuselage is sym-- 
metrical with respect to the longitudinal axis* 

In comparison ■lith experimental results, it is shown that the 
derived formula gives more accurate results in this case than some 
existing standard formulas. 
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I ntroduction . 

The exact theoretical method of calculating the torsional 
stresses in an airplane fuselage is extremely lon^ and tedious, 
and uncertain conditions^ such as the variation in the nodulus of 
elasticity, or variation in the cro ss- section of the ^.^ire, slip- 
ping of a fitting, and the influence, of turnbuckles and fittings, 
make the exact niethod of doubt fu'l v.-olue. it seems, therefore, 
that a simple approximate method of computing: these stresses, tak- 
ing into account, as far as possible, the various uncertainties, 
which could be applied to the draughtman's layout, would be of 
considerable practical value* 

Procedure and Appa ratus . 

To accomplish this end, tests were made on an airplane fuse- 
lage, and various methods of computing the stresses ^'^'Cre tried 
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until one was found :vhich was sufficiently/ simple, axid gave suffi- 
ciently accurate results, as compared with the expeririental stresse 

A Ourtiss JK^43 fuselage, which was in excellent condition, 
was used for the test. The tail surfaces, landing gear, and fabric 
vrere removed, and the skeleton fuselage wa"s wedged between the col- 
umns of a five hundred thousand pound hydraulic compression testing 
machine, as shorm in Fig. 1 and Fi-. The vxedging was placed 

around the bulldiead of the iMselMge immediately behind the rear 
cockpit, leaving six bays free for the test» The torsion was ap- 
plied by means of a lever at the bulkliead which supports the tail- 
skid. This bulkhead, being braced with steel rods instead of the 
usual light wire, may be assumed rigid. The lever (Fig. 2) v/as 
thirty inches long from the tail skid post to the ^.^^eight pan sup- 
port. Standard fifty pound weights v/ere used for the load. The 
torque was not applied at the rudder post because the first bay was 
not strong enough to transmit sufficient torque to a-roreciably 
stress the wires in the sixth bay from the tall end. To prevent 
the first bay from affecting the results, the wires of that bay 
were made slack, and the rudder post was pulled loose from the 
longerons, leaving the longerons fr^.e at the ends. 

To be certain that there vjas n^^* vertical deflection in the 
fuselage due to the load, an Amec . ial, reading to .001 of an inch 
was used as shov/n in Fig- 3. The dial was screwed to a strut 
dropped from the top of a doorway, and the pin of the dial v/as 
attached by iiieans of a stiff steel wire to the center of the rudder 
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post. A screw jack was placed under the tail skid post to main- 
tain the dial reading at zero* 

The stresses in the fuselage were determined b/ means of cal- 
ibrated wires. The strain in the wires was measured by two Berry 
strain gages, equipped with Ames Dials- The g^:p:e length was eight 
inches- One full division on \he ■ Jais indicated a strain of .0002 
of an inch- Sma^ll cone-shapeo Lol=..s were punched in the wires 
ivith specially hardened and ground punches, to fit the points of 
the gages- The gages were held in place by strips of rubber v/ound 
around the ?/ire and the instrument at the two points as shov/n in 
Fig. 3 and Fig. 4. The wires were calibrated by standard weights 
as shov/n in Fig. 3r 

The procedure was to take the strain in opposite v/ires simul- 
taneously (Fig. 4). All wires of the top, bottom and sides which 
would not take a positive load were made perfectl3^ slack. A read- 
ing was made of each gage for each fifty pound weight added, and for 
each fifty pound weight remo^^ed. These readings vxre then plotted, 
stress as a function of torque, a/nd an atvera.ge curve drawn for 
each wire. Frequent check tests v/ere made,- ard although the load 
\vas applied and removed a^bout ei :ht - five times the results obtained 
in the last runs checked within fiv.-:. percent of those obtained in 
the first runs (Fig. 8). 

Every precaution was used to prevent the fittings from slip- 
ping on the longerons. However, this could not be entirely avoided- 
A check was made of the amount of slippage in the worst cases by 



aoplying a Berry strain gage, one leg on tne fiu-: c.j.a the other 
leg on the lorgeron. It y;as found that the rr.oveiient of the fit- 
ting due to slipping wa.s negligible, and that the grea.test error 
v/as introduced t>y the fitting cutting into the loijgaron. and by 
the compression of the bullrhead st-'.t sochebs- 'Ihe F.'tialn in ev- 
ery case was pro"!30rtional to t'.i3 a /oiied torque^ and the fittings 
would return to their original, positions when the torque was re- 
moved. This elastic condition was also noted in measuring the 
stresses in the xvires.; the initial and final stresses in the wires 
invariably checked within ten or fifteen pounds of each other. 

To dispose of irr e^al.arit ics due to the movement of the fit- 
tings, and other causes, curves were plotted (Fig. 9 and Fig- 10) 
with pounds stress in each wire as a function of the mean cross 
sectional area of the bay, this being one of the largest factors 
influencing the torsional stresses^ There being no abrupt varia- 
tion in the dimensions of the bays and wires, the curve should bo 
smooth and should theoretically approach infinity as the area of 
the cross section approaches zeroe 

As each wire contained tv;o loops, a turnbucVle^ and two lon- 
geron fittings, a total length /.oven or twelve inches, there 
was a question as to the prope.; ien th of solid wire to consider 
in the calculations • To obtain data on this question, a strain 
gage was set with a gage length of the entire length of the wire, 
from the upper longeron fitting to lower longeron fitting. By 
comparing this data to the data obtained on the solid portion of 
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the wire, it \^'as concluded that the strain in -the comhired length 
of the loopsp turnhuckle and litLings 'vas equivalent to 1-1 to 
1*4 times the strain in an equal length of solid T^ire* 

In order to determine the angle of twist, a threp.d was 
stretched (Fig. 5) parallel to the longitudinal axis of the fuse- 
lage at a horizontal distance of sixty-one inches in the plane of 
the top panel of the fuselage. Levers vmich carried small cellu- 
loid scales, set vertically at the outer ends, were then attached 
to the top strut of each bulkheads The levers were adjusted so 
that the scales were held about one-sixteenth of an inch from the 
thread* The movement of the scale relative to the thread divided 
by the lever arm of sixty-one inches v.'as taken as the angle in 
radians* 

Com.pa risen of Methods of Co m puting Torsional 
Stresses i n an Air ^olane 7u s el age • 

In determining an approximate formula for calculating the 
stresses, the solution of the problem by several methods was car- 
ried out and the results compared with the experimental results. 
Prominent am.ong these methods were: 

(a) The graphical solution. 

(b) The analytic solution by statics* 

(c) Pippard and Pritchard»s solution by the theorem of 

least work.* 

Both (a) and (b) contain the inherent errors due to the assump- 
* '^Aeroplane Structures/' by Pippard and Frit chard* 
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tions of rigidity found in nethods of statics. The author has 
found in carrying out tests on airplane stivct^ircs, that it is nec- 
essary to deal with the structure, in n,oso casen, as an elastic 
body rather than a perfectly rigid one. The discreparcles may "be 
more readily pointed out by referring to a specific solution. 
Take for instance, the solution by statics gi-en by Zahra and Crook* 
Referring to Fig. 7, 

PI = Tojcoue . . 

41 (a) 

' = tr (t) 

« = (c) 

"O J. 

General case; applied torque in plane of truss base. 

Denote stay stresses by R, T, L, B, longeron stresses 
by R', T', L', 5'. 

Denote stay direction cosines by R^, Ry, R2> •* 
'■x> '■y> '-Z' -^X' -^y- ^z- -^y* --'s* 

Denote longeron cosines by the same letters primed. 

Then, 

RyR + R'yR' + TyT -1- T'yT» + 2F = 0 
TgT + T'2T'.+ LgL + L'gl..' + 2Q = 0 

LyL + L',rL» + ByB + B ' yB ' + ' 8P = 0 

BzB + B'^E' + R^R R'zR' + 2Q = 0 



* National Advisory Cormnittee for Aeronautics, Report 82. 
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Also, 

T^T + T'xT' = 0 
L,.L + L^^y- = 0 
BxB + E'xE' = 0 

The solution of the problem by this method as -.veil a« by any 
other method, depends upon the deter.ninstion of p and Q. 
Dividing equation (c) by equation (b); 
0. b Q P 

P d b ^ d (d) 

Now if the tru5s be acrumed elastic, there 7,111 be a small 
rotation of the buli-diead in the direction of the ao^olied torque. 
If Cp be the horizontal ntotior. in the direction of p, and L 
be the vertical motion in the dirsction of Q, then 
^.q : b = : d 

or 

b d 
Divided by (d) 

From Young's modulus of elas'jicixy: 
Q = E (^) X 

in vvhich 

I (^Y^^ refers to the projections of the wires along 
the line of action of Q. 
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Likewise 



Substitute 



P and Q in (f): 



q 



or 





Therefore, this method, rith other methods of statics, ""ill 
hold only ^vhen the sumnation of the ratios of the cross-sectional 
area times the modulus of elasticity to the length, of each member, 
these quantities being projected alonp: the line of action of Q, 
is equal to the sumji^ation of the. ratios of quantities projected 
along the line of action of p. This condition is rarely, if ever, 
obtained in the fuselage of an airplane. In the fuselage used in 
this test, the rires in the sides Trere nearly tv;ice as large as 
those used in the top and bottom. 7;e should expect results ob- 
tained by methods of statics, then, to be too small for the side 
wires, and too large for the top and bottom 'jires, which is the 
actual case as shown by the dotted curves in Figs. 9 and 10. 

Another method of dealing ?/ith the torsion problem, is to con-- 
sider the four entire panels, top, bottom and the two sides as sep- 
arate cantilever trusses, each truss taking a certain proportion 
of the force due to the torque, as expressed by the equation: 



Qb + pd = ^ 



in which y\f is the torque (Fig- 
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The problem, again, is to find P and With these quanti- 

ties hnoxTn, the as3un:ption is '!;hc:.t the stressCv^ iT^ay be determined 
for the entire panel, taken as a cantilever tru-ss, by the graphical 
method. A very clever method of handling the problem from this 
standpoint, and considering the fuselage as an ela,.stic body, is 
given by Hessrs. Pippard and Pritchard in their book "Aeroplane 
Structures.^' The follo-^irg assumptions are made: 

1. The rhole of xhe deformation is due to the horizontal and 
vertical panel wires. 

2. The bulkhead bracing v;ires may be neglected. 

3. The cross- sect ion of the fusela.ge is every^^:here rectangular. 

4. The curvatu.res of the longerons are negligible* 
The formulas derived are: 

r ^ tbZ:: 

' " d^ZX + b^tx 

d^SS b ^Cl- 
in which j2j^ v^i 

X " and :r. = 

where the load in a side wire is and the load in a top or bot- 

tom wire is kP. 

Their description of the application is: 

Stress diagram should be drawn for the horizontal and vertical 

bracing of the fuselage under consideration with a unit load applied 
in the appropriate direction. If the fuselage is syiTimetrical, two 
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stress diafrrams only are needed. 

The load in the -'ires under this unit of loading is the value 
of K or 

The length of the -ires L and 1, are scaled direct froir the 
frame diagram, and the areas A and a, are lmov7n from rhe sises 
of v/ires emplo--ed. X and x ca.n now ^oe obtained^ e.nd hence the 
values of ? and Q,. 

The loads in the fusela^^^e are obtained by multiplying the unit 
loads obtained from the stress diag-rams referred to above by the 
values of P and Q thus found, so that a second set of stress dia- 
grams is unnecessary^ 

The results obtained by this method arc plotted in Figs* 9 
and 10. 

Limitati ons of the Cantilever Truss Ilethod . 

The above theory is open to tv;o objections: First, the work 
done by the wooden members has been neglected, ^"rhich approximation 
introduces errors which are of considerable magnitude in certain 
members, as pointed out by Pippard himself in a subsequent report 
(R. and M. No. 756) . 

The theory;, furth er^ior e, is strictly a.-oplicablc only when the 
curvature of the lon.e-erons is so slight as to be negligible. This 
condition seldom occurs in practice. It would be, therefore, ad- 
vantageous if a theory could be devolved which would deal with 
each bay separa^tely. 
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Points to ncnsidcr in Derivl a Ne^j Formla . 

It may te noted that each bay, considered as a free body, con- 
tains fou?: redtmda/nt members: tv^o bulkhead wires and tm side ivires* 
Of these four members, experiment shows that the bulldiead '7ires may 
be neglected. The stress 'ms measured in each of these -ires, for 
the five bays^ and in no case was the stress found to increase, b^at 
rather that there was a slight decrease due to the strain in the 
bulldiead struts. The variation in the lengths, m.o6.ulus of elastic- 
ity, and 8orea of the cross-section of the wires, generally found 
in a fuselage, m.akes the solution by statics alone, impossible. 

Considerirg these conditions, it wa,s therefore concluded that 
the purely analytical solution, considering each bay separately, 
would give more accurate results. However, analytical solutions 
are often long and tedious, so a:, effort was m.ade to develop a for- 
mula containing as few terms as yossible, and terms which could be 
taken directly from, the working orawing with a small chance of error 
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Deriva.tion of th e Formula . 

The symbols -used are as follows: 
Let Q = vertical forces due to torque, pounds- 
P =^ horizontal forces due to torque, pounds, 
p = total stress in a wire, pounds, 
s = total stress in a wooden member, pounds. 
6 = angle between the wire and the bulkhead strut, degrees- 
a = angle of twist of the fuselage, radians- 
A = area of cross-section of side wires, sq^in. 
a = area of cross-section of top and bottom wires, sq*in- 
E = modulus of elasticity of steel wire, lb. per sq»in, 
Eyr- modulus of elasticity of the wooden members, lb*/sq.in. 
L = length of side wires, inches* 
1 length of top and bottom wires, inches - 
X = longitudina.1 projection of m.embers, inches* 
Y = transverse projection of micmbers, inches- 
Z vertical projection of members, inches- 
^ = torque, pound inches- 
b = width of bay, inches- 
d = height of bay, inches, 
c ~ length of bay, inches. 
U total worl: in one bay, inch pound s- 
Let the subscripts, 

T refer to top panel xTire members- 
B refer to bottom panel wire members- 



N.A,o.A. Technical Mote No. 205 



1 A 



L 
R 
t 
b 
1 
r 



refer to left panel wire members- 
refer to right mnel wire members, 
refer to the top panel -^'ooden members, 
refer to the bottom panel rood en members- 
refer to the left side panel wooden members- 
refer to the right side panel wooden members^ 



Thus: 



r>-, 



'LR ^ Stresses in loft and right panel v.-ires. 
Pipg ■- Stresses in top and bottom panel wires. 

Assuming that each bay is a free body, the follo\'7ing relations 
may be noted: 

if = qb + ?d or P - ^ : 1 

d • - • J. 

- . 2 



p. 



Pt 



__c: 

cos Gt 

P 

cos 9-j 



P. 



X) 



B 



cos % 



d cos Bt^ 



_P ^ ^' - Q.b 

cos Op d cos cg 



The total work due to the strain is: 



S U = 



2t" 



r 2AE 



LR 



2a£j 



+ 



P2 T, 



"w 



2A,;Ew 



In which the first term of the right-hand member of the equation 
refers to the side wires; and the second term refers to the top and 
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bottom T^Tires; and the last term refers to the wooden members- It 
■.izy be no bod thr.t the wjoden mcx^vors of a fuselage ere located in 
such positions that the strain in the wires is not materially 
changed by the strains in the wooden members. 
Neglecting the TOoden members^ ve have: 
L. Ti=_ L- 



1» p^^ 1. 



2Atj 2^ 2Aj^ Spj 3a^j Erp ' 2a3 Eg 



Substituting equations 1, 2, 3, 4, and 5, in II: 



II 



.1 + a!. 



. cos e AE]j^ 2 



—i — ] ^- 

cos" 9 AE J 



- Qb) ' 
2d=~ 



. cos 0 aE 



+ 



ji' - Qb)' 

2d^ 



cos e aE 



II 



The work u, with respect to the force Q, must be a mininiim. 
Differentiating and setting equal to zero: 



^ = 0 = 2Q 
dQ 2 



cos' 



SAEJl 



+ 



2Q 



cos-" e AS 



Or: 



2b(\|/ - Q b ) 
2d^ 



cos'^ 6 a] 



3b(^^ - Qb) 
2d^ 



d^ 



_cos^ G aE, 



L 



cos'PAE 



cos^bAE 



R 



1 



cos^ Q aE 



COS" G aE 



B 



b_ 
d^" 



• III 



COS GaE 



+ 



r 1 



co^ GaE 
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Since 



CO'. 



9t, = ^ 



COS = 

Yrp 

COS 9i 



1' 1 



"T 



anc' if 



and i: 



COS 9^ 



Aj^ = At^ = A and arp = ag = a 
the lormla reduces to: 



a 



■ ^ 3 

YrjT a Yy a 



+ 



A 



0- 



r 1 3 



ii: 



P may be found from equation ( 1) 

p = ^ - Q.T^ 



(1) 



The formula for Q, may "be further simplified by the follo?;ing 
assumptions: 

1. That the longest projection of a member in an orthographic 
projection may be taken as the true length of the member. The for- 
mula for calculating the true length is: 



1- -i- 



r- 2 



, (for the bottom wire) 
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This assumption is equivalent to omitting; the smallest term 
under the radical. Take as an example, the case which uill give 
the larf^est error in this problem, that of the bottom Tvire of bay 
No. 2: 



L = 7 21' +12.25 +3 



- A 



41 + 150.1 + 9 



=y5Gl.l + 9 

from ^vhicli the true length is 34.5 inches and the length of the 
projection is 24.3 inches. The error is .02 ^oer cent. 

2. That "D and d be ta::en at the middle of the bay, that 
is, the average b and d for the bay. The torque is equal at 
both ends of the bay but opposite in direction- Recalling the 
equation: 

y = Qb + Fd (1) 

It may be noted that the magnitudes of Q and P depend on 
the magnitudes of b and d. How at one end of each bay, b and 
d are relatively smll and at the other end relatively large. To 
take the average b and d seems to be the logical assumption. 

3. Ll = Lr = L, taken as the longer of the tr;o, and 

1^ = Ij^ = 1, taken as the longer of the two. This assumption is 
experimentally justified. The strain in a wire member, including 
the turnbuckle, loops and fittings, vras found to be slightly greater 
than for an equal length of plain ^ivire. There is an alternative to 



C.A. Technical i;ot3 No. a03 



18 



taking the average length, "but another ^tep in calculating is added 
thereby, and the fir?.l roeultc do i.ot .iusti+'y the added worl:. 

4. That Zt^ =^ Z;:^ ^ d,. and Y.^. = b. There ie no error 

in this assumption if the fuselage is symmetrical with respect to 
the longitudinal axis. 

Equation III now reduces to 

l' 1 



Or, 



^yb 



1 <^ 



d A J 



Q. = 



b (L a 



17 



ana 



d (I 



3 , t3 

a 1 



A) 



Since 



_S = £ 

CC S 9 j.p^ d 



ana 



TB cos e 



p ^ P ^ 



Substituting (a) in I^." and (t) in V: 

13, 



LR 



P 









bd 


"•3 


a + 1^ 


\"1 




a 


bd 




a -r 1 



f 



VI 



VII 
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It may be noted that these formulae are in zevms of the con- 
stants, a and A, and ?; and the variables L, 1, o, and d, which 
may be taken diroctly from the isometric drawing. 

If the section is square, and a = A, VI and VII reduce to 
the obvious formula: 



Formulae VI and vn hare been used to commute the strecses in 
the '7ires of a Curtice JN-'l-B fuselage rhen subjected to 9000 pound 
inches of torsion at the bullmead supporting the tail skid. The 
\Tires were standard tipped aircraft irires, T.o, 12, for the top and 
bottom, and No- 10, for the sides- The area of the crosc-section 
of No. 13 -are is .00515 sQuare inch,. and the ar3a of the cross- 
section of ¥.0* 10 -ire is .00317 square inch. 

The v-ork uipy bo simplified by the following method of tabula- 
tion: 



i 
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Ta bulation of the So "'ution of t he Torque EQua ticns: 



P 



LR 



bd 



.3 

X A 



I a 



-j and p 



U'l 



3 

L a 



T.3 



bd a + 1 A_ 



Units - pounds and inches. 



Bay 


1 

'.Tire 


1 

L,l 


L 

and 
1 


i a 


1 fe^d 

1 y 

1 and 
1 bd 

1 


1 

j Term 
i i n 

1 brackets 

1 


Stress 


1 

i Stress 


i fA 

i 


f 


j lb. 


2 


LR 

TE 


i 

26.8 
24.3 


19,348 
14,348 


1 99 . 1 
i 117,1 
216.3 


1 ■■ 

J 5 • 0 
12,5 
184.5 


1 — 

1 - Cob 
j . 542 

i 


. U i 00 
.0604 


544 

f_ 


3 


LR 
TB 


51.6 
30.0 


27,000 


162 . 1 

230.2 
382.3 


18.. 5 
17.7 

327:5 


. 577 

i 


• W s--' 

.0387 


502 
348 


4 


LR 
TB 


35.3 
33.4 


43,985 
37,259 


226.0 
304. 1 
350-1 


"I3T2 
21.0 
466.5 


~436 
. 574 


.0435 
.0305 


392 
274 


5 


LR 

TB 


40.2 
37.3 

i 


64,964 
51,895 


334.0 
424 . 0 
758.0 


26.0 

3i5 • 2 
603.5 


. 445 
.555 


.0370 
.0375 


333 
248 


6 


LR 
TB 


43.7 i 
39.7 1 

1 
1 


85,453 
62,570 1 


529 < 5 
511.0 i 
940.5 1 


29.5 
24.8 
732.0 


. 456 1 
.544 j 

1 


.0325 
.0247 


292 
222 



See Figs- 6 and 7 fcr dimenGicns ^ 

p = Pounds stress in left and ri£:ht diagonal .Tieni'bers of each 
bay of a fuselage due to torsion. 

pqig= Pounds stress in top and bottom ir.enfoers. 

L = Length of side mer-ber^-^ i:'.iches. 

1 = Length of top and bottom meiribers. inches- 

b = Average vldth of bay in inches. 

d = Average height of bay in inches. 

A = Gross-sectional area of the side members^ square inches, 

a = Cross- sectional area of top and bottom members, sQ. inches. 

\|.^ = Pound inches to roue. 
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Reference to the curves of the calculated strepsos as compared 
to the experimental stresses (Figs. 9 and 10), will sho^ that the 
two curves parallel each other up to the first bay, and that the 
calculated values are slightly higher in each case. The calculated 
curve may he brought closer to the experimental curve by consider- 
ing b as the true horizontal projection of the top and bottom 
wires, and d as the largest tiue vertical projection of the side 
members. The effect of the fittings may be considered m.ore defi- 
nitely, but each of these considerations tend to m.ar the simplicity 
of the application of the forimlae. There is considerable consola- 
tion, also, in knoi-ing that the calculated values will undoubtedly 
be on the safe side of the actual stresses. 

The application of the formula to the last bay of the fuselage, 
which ends in the rudder post, is the same as for any other bay, 
b and d being taken at the middle of the bay; the top and bottom 
v/ires being along the longerons. 

Angle of Tnist . 

The angle of twist for the five bays v;as found experimentally 
to be three degrees and twelve minutes for a torque of 750 pound 
feet. This angle may be calculated by equating the work done in 
torsion to the summation of the work done in all the m.embers. The 
work done in torsion is: 
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The -orl: done by all the menbers ic given bv equation I. ""he 
angle of tTTiGt in, ho^ever^ affected very greatly by any moveniont 
of the fittings, which n:ay be neglected ixi computing the stresses, 
so that it may be expected that the cc.lculated angle ^rill be too 
low a value. 

Case o f the B roken 7/ire . 

Tests were also mde to leterTiine the distribution of stresses 
due to a broken wire^ For instance^ one of the side wires v/as re- 
moved and the torque of 9C0C pound inches was applied as in the 
previous tests^ Tno opposite Pide wire took only '^5 pounds <^bay 4) 
while the top v;ire took 445 pounds and the bottom wire 455 r)ounds. 
The bulkhead diagonal in this case took 140 -nounds. The load in 
the side wire and the bulkhead diagonal was due to the stiffness of 
the longeron in taking the 'olace of the rerroved wire. It is obvi- 
ous that the longeron would break before even a very snail bulkhead 
wire was stressed to the lir.iit. It is quite possible that the 
presence of the bulkhead wires in this case weakens the structure 
as a whole, as the absence of these xvires would rnini:nize the bending 
in the longeron, and throv/ the entire stress due to torsion in the 
top and bObtorn wires- The calculated stress in the top and bottom 
wires, ass^.iming that they take the entire torque, is 645 pounds each. 
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The conclusions wich may bo drawn frori thece sxporimcnts and 
Cc?.lcula-cions ere: 

!• The bulkhead viires take no load e::ccpt in the case of 
broken or loose top, bottom or side Trire. 

2. The t-jirnbuckle, loops and fittings on a, fuselage r;ire 
may be taken as equal to a length of solid wire 1^2 or 1.3 times 
their combined 1 en s^tn . 

3. Stresses in an airplane fiiselage due to torsion cannot be 
computed b3^ statics except in very exccotional cases. 

4. The cantilever method of solving the torsion problem is 
subo'ect to considerable error due to the irregularity in ratio be- 
tween the heights and widths of bulld:)eads. 

5. Formulae VI and VII may be used to compute the stresses 
due to torsion, in a fuselage of rectangular cross-section, with 

a reasonable degree of accuracy in ordinary cases. The method ap- 
pears to be sufficiently accurate for preliminary/ calculations, 
and miay prove sufficiently accurate for final results* 
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Comparison of calculated and experimental vp^'.ucg ot" strepee* 
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Fig^9 Top and bottom vdre s of fuselag e 
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, "®'= Gal dulate'd, formula VI 

4 -^- -fo -= -Srde taivxng-doTfn load — 

ExperYnental = u " up " 

ijD = Average 

- = 'Yahm'T^mithod by statics 

~ =' Pippard and" Prit chard''"s' 




0 



) 400 600 800 

bd, sq. in. center of bay. 

Fig. 10 Side vires of fuselage, 
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